by different processing methods. Hence, different types of tea may exert differential effects on tHcy concentrations.
This study aimed to investigate the association between hHcy and tea-drinking habits in patients with hypertension, including types of tea, amount of tea intake, and duration of regular tea drinking.
MATERIALS AND METHODS

Study population
This cross-sectional study enrolled 473 hypertension subjects from a Hypertension Community Management Program (7 communities in Nanjing, China) between January 2017 and December 2017. Hypertensive patients were included if they had a history of hypertension, received antihypertensive medication, or newly diagnosed as hypertension, which was defined as systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg in accordance with the Joint National Committee 7 report. 14 Exclusion criteria included secondary hypertension, tumors, cognitive impairment, participating in other clinical trials, receiving vitamin supplement therapy or hormone replacement therapy, regular drinking coffee or cocoa, and unable to complete the questionnaire independently. The study protocol was approved by the ethics committee of the Jiangsu Province Geriatrics Institute (Nanjing, China). Written informed consent was obtained from all participants.
A website-based registry system (www.ohs2015.com) was used to establish the participant database. All baseline data were collected within 1 week after subject recruitment, and participants with missing data were excluded. Finally, a total of 335 (276 men and 59 women) hypertensive patients were included in this study.
Data collection
Baseline data were collected through personal interviews by a cardiovascular specialist and/or trained nurses using a standard questionnaire. Prior to the survey, the corresponding investigators were invited to attend a standard training. All investigators were informed of the study objectives, the procedures for conducting questionnaire, the standard measurements, and the study protocol. Data on demographic characteristics, smoking or drinking history, tea-drinking habit, diabetes history, hypertension duration, statins use, diuretic use, metformin use, body mass index (BMI), waist circumference (WC), and blood pressure (BP) were extracted from the questionnaire and entered into the web-based database. The results of laboratory testing such as fasting plasma glucose (FPG), serum uric acid (SUA), lipid profiles, serum creatinine (SCR), and plasma tHcy were collected within 1 week after patient recruitment.
Terms and definitions
A history of diabetes mellitus was defined as FPG ≥7 mmol/l (126 mg/dl) according to the World Health Organization criteria. 15 hHcy was defined by a plasma tHcy concentration of ≥10 μmol/l, 16 as measured by the enzymatic cycling method using Hitachi 7020 automatic analyzer.
BP was measured after participants had been seated for 5 minute by trained investigators using a validated automatic oscillometric device (HEM-5001; Omron, Tokyo, Japan), appropriately sized cuffs, according to the American Heart Association protocol. Measurements were taken in triplicate on the same arm by an interval of 1-2 minutes, and then the mean of 3 BP readings was calculated and used in all analyses.
Estimated glomerular filtration rate (eGFR) was calculated using the abbreviated Modification of Diet in Renal Disease formula 17 . .
where SCR was expressed as μmol/l. The current status of alcohol consumption was assessed, and binge consumption was defined as alcohol consumption of ≥8 g per week. 18 Smokers were defined as those patients who reported smoking at the time of the study.
BMI of patients was calculated by the formula weight (kg)/height 2 (m 2 ). The height and weight of patients were measured in light clothing and without shoes by using a measuring instrument (WS-H200, Woshen, China) to the nearest 0.1 cm or 0.1 kg.
At the end of normal expiration, WC of patients was measured in a standing position, between the iliac crest and the rib cage, by using a nonelastic tape, to the nearest 0.1 cm.
Tea-drinking habit was defined as a regular consumption of tea for at least 6 months. All participants were asked to answer the following questions: "What kinds of tea you are taking? (no, green, oolong or black)"; "How many cups of tea you drink tea a day? (no, ≤1 cup, 2-3 cups or >3 cups)"; "For how long you have been drinking tea? (no, ≤5 years, 6-15 years or >15 years)"; and "The total amount of dried tea leaves you consumed per month? (no, <125 g, 125-250 g or >250 g). All answers were classified into 4 grades (0, 1, 2, and 3) according to type of tea, amount of tea consumed daily, total amount of dried tea leaf consumed monthly, and duration of regular tea drinking. The volume of a standard cup of tea was defined as 250 ml. Furthermore, teas were classified into three basic types according to the different processing methods: green tea (nonfermented), oolong tea (semi-fermented), and black tea (fermented). 19 
Statistical analysis
All statistical analyses were performed using Statistics Package for the Social Sciences software (SPSS) version 19.0 (SPSS, Chicago, IL). Continuous variables were presented as mean values ± standard deviation, whereas categorical data were expressed as percentage. The differences in variables between two groups were compared using Student's t-test, Mann-Whitney U test or chi-square test. The selection of appropriate statistical tests depended upon the distribution of data. Multivariable logistic regression analysis was used to estimate the association between hHcy and tea consumption. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. P values of less than 0.05 were considered statistically significant.
RESULTS
Basic information
Baseline characteristics of the study participants were presented Table 1 . Of the 335 participants, 276 (82.4%) were males and 59 (17.6%) were females. The mean age of all participants was 63.9 ± 10.6 years (median 65 years, range 33-88 years), with an average age of 64.4 ± 10.2 years for males and 61.8 ± 12.2 years for females. A total of 252 (75.2%) hypertensive patients had hHcy, whereas the remaining 83 (24.8%) were normal for tHcy. Patients with hHcy were more likely to be male, a smoking history, nonuse of statin, elevated diastolic blood pressure, and tea-drinking habit, as compared to those with normal tHcy (P < 0.05). Clinical outcomes of SCR, low-density lipoprotein cholesterol (LDL-C), total cholesterol, and SUC were significantly worse (P < 0.05) in patients with hHcy (H-type hypertension) compared to those with normal tHcy. Drinking history, age, hypertension duration, diabetes history, WC, BMI, high-density lipoprotein cholesterol, eGFR, systolic blood pressure, FPB, triglyceride, metformin, and the use of diuretics were not significantly different (P > 0.05) between the two groups.
Multivariate analysis
Apart from the significant variables in univariate analysis, other variables such as eGFR, age, BMI, metformin, and diuretic use were entered into multivariate analysis by a logistic regression model. Data of the 335 (70.8%) hypertensive patients with full records were included in the multivariate analysis. The results showed that LDL (adjusted OR = 1.58, 95% CI = 1.05-2.37, P < 0.05) and tea-drinking habit (adjusted OR = 1.84, 95% CI = 1.01-3.36, P = 0.048) were significantly associated with hHcy in hypertensive patients. However, female gender (adjusted OR = 0.14, 95% CI = 0.07-0.28, P < 0.001), statin use (adjusted OR = 0.46, 95% CI = 0.26-0.81, P < 0.01), and eGFR levels (adjusted OR = 0.98, 95% CI = 0.97-0.99, P < 0.01) were negatively correlated with hHcy ( Table 2 ). 
Subgroup analysis of tea-drinking habit related to hHcy
As compared to nontea drinkers, elevated risk of hHcy were found in green tea, oolong tea, and black tea drinkers, with crude ORs of 2.08 (95% CI = 1.18-3.65, P < 0.05), 3.61 (95% CI = 1.37-9.51, P = 0.01), and 10.65 (95% CI = 3.56-31.83, P < 0.001), respectively (Table 3) . However, after adjusting for other relevant factors, only black tea remained a significantly relationship with hHcy (adjusted OR = 8.80, 95% CI = 2.74-28.33, P < 0.001), whereas no significant differences were observed among green tea and oolong tea drinkers (P > 0.05).
Besides, hypertensive patients with ≤1 cup of tea drink per day, consumption of <125 g dried tea leaves per month, or tea-drinking duration of ≤5 years were not significantly associated with hHcy (P > 0.05). The risk of hHcy was increased when tea intake was equal to 2-3 cups per day (adjusted OR = 3.15, 95% CI = 1.49-6.67, P < 0.01) and more than 3 cups per day (adjusted OR = 7.53, 95% CI = 2.10-27.03, P < 0.01). Moreover, consumption of 125-250 g dried tea leaves per month (adjusted OR = 5.85, 95% CI = 2.45-13.98, P < 0.001) and more than 250 g per month (adjusted OR = 10.07, 95% CI = 2.23-45.38, P < 0.001) were appeared to have a positive association with hHcy. Furthermore, teadrinking duration of 6-15 years (adjusted OR = 2.27, 95% CI = 1.10-4.72, P < 0.05) and more than 15 years (adjusted OR = 5.70, 95% CI = 2.26-14.42, P < 0.001) exhibited a higher risk of hHcy compared to non-tea-drinking group (Table 3) .
Subgroup analysis of green tea consumption related to hHcy excluding oolong and black tea drinkers
The relationship between green tea intake and hHcy was presented in Table 4 . After adjusting for age, gender, smoking status, eGFR, LDL-C, SUC, BMI, metformin, statin, and diuretic use, the results demonstrated that green tea intake of ≤1 cup per day (adjusted OR = 0.19, 95% CI = 0.07-0.51, P = 0.001), consumption of <125 g dried green tea leaves per month (adjusted OR = 0.08, 95% CI = 0.03-0.23, P < 0.001) and green-tea-drinking duration of ≤5 years (adjusted OR = 0.06, 95% CI = 0.02-0.23, P < 0.001) were negatively associated with hHcy. In contrast, green tea intake of >3 cups per day (adjusted OR 5.00, 95% CI 1.33-18.80 P < 0.05), consumption of >250 g dried green tea leaves per month (adjusted OR = 11.23, 95% CI = 2.30-54.88, P < 0.01) and green-tea-drinking duration of >15 years (adjusted OR = 4.60, 95% CI = 1.51-14.00, P < 0.01) could increase the risk of hHcy in hypertensive patients.
DISCUSSION
Hypertension with hHcy (tHcy ≥10 μmol/l) is classified as "H-type hypertension. " H-type hypertensive patients can contribute to a higher incidence of stroke as compared to ordinary hypertensive patients. China Stroke Primary Prevention Trial, a multicenter randomized controlled trial, has recommended that a careful monitoring of both tHcy and blood pressure can significantly reduce the risk of stroke compared with only controlling blood pressure in Chinese hypertensive patients. 3 In China, tea drinking as a major eating lifestyle has prevailed among hypertensive patients yet. In current study, we found that more than 70% of hypertensive participants had tea-drinking habit, which contributed a higher incidence of hHcy than those who did not drink tea. To the best of our knowledge, there is little research on the relationship between tea-drinking habit and hHcy in hypertensive patients. Therefore, we conducted a detailed investigation on the association between hHcy and tea consumption, including types of tea, amount of tea intake, and duration of regular tea drinking, in order to guide a healthier tea drinking among the hypertensive patients.
At present, inconsistent and inconclusive findings have been reported on the association between tea consumption and tHcy levels. [7] [8] [9] 19 For instance, Hodgson et al. 9 have demonstrated that tea drinking is associated with lower tHcy in older women. In contrast, Shiraish et al. 7 have reported that tea consumption is positively associated with serum homocysteine concentration in young Japanese pregnant women, and they are required to limit tea consumption and increase vitamin B6 intake to prevent the elevated homocysteine levels. Although these differences may be attributed to the diverse study populations, the varieties of tea used in their studies have not been specified. We thought that the inherent mechanism of how tea affects tHcy should be considered. As was mentioned earlier, the quantities and compositions of three compounds (caffeine, tea polyphenols, and folic acid) contained in various teas might lead to the different effects on tHcy. In this study, we divided the teas into 3 basic categories according to different processing methods, including green tea (nonfermented tea), oolong tea (semi-fermented tea), and black tea (fermented tea). The fermentation process may reduce the content of monomeric polyphenols and folic acid, while increase the amount of caffeine in tea. The contents of the three compounds in three different types of tea are arranged as follows: the caffeine content is in the order of black tea > oolong tea > green tea; the polyphenols content is in the order of green tea > oolong tea > black tea; and the folic acid content is in the order of green tea > oolong tea > black tea. [20] [21] [22] High concentrations of tea polyphenols and caffeine intake may account for elevated tHcy levels, 11, 23 whereas folate is independently associated with lower tHcy level and may counteract the detrimental effects of caffeine and tea polyphenols. 24, 25 This study demonstrated that tea-drinking habit was an independent risk factor for hHcy in hypertensive patients. However, the patients who drank tea less than 1 cup per day or consumed lower than 125 g of dried tea leaves per month or kept tea-drinking habit for less than 5 years had no statistical significance of hHcy compared with those with no tea-drinking habit. It was suggested that reducing tea intake and tea-drinking duration might avoid the risk of hHcy owing to tea drinking. Liu J et al. 26 have reported that a small amount of tea intake was not associated with decreased plasma folate concentration in Chinese pregnant women. Moreover, a regular ingestion of black tea for 4 weeks did not alter the levels of tHcy. 8 Augustin et al. 27 have suggested that green tea extracts decreased serum folate levels in rats at very high dietary concentrations. In sum, the findings from these studies partially support our findings that only highly habitual intake of tea is remarkably related to hHcy in hypertensive patients.
Meanwhile, further subgroup analysis of tea type revealed that only black tea group was positively associated with hHcy after adjusting for confounding variables, but not green tea and oolong tea groups. Therefore we specially conducted a regression analysis on the green tea group (oolong tea group did not carry out such a multivariate regression analysis due to too small sample size, only 37 patients drinking oolong tea). We found that individuals who drank less than 1 cup of green tea per day or consumed lower than 125 g of dried green tea leaves per month or drank regularly less than 5 years were significantly associated with a lower risk of developing "H-type hypertension. " However, this beneficial effect had been reversed by a higher intake of green tea. The specific reason of this result is still not clear. We are supposed that it may be related to the intake change of caffeine, epigallocatechin gallate, and folate in green tea. As far as we know, we first report that green tea exerts a dosedependent effect on tHcy levels: a small-dose intake of green tea could be negatively associated with hHcy, whereas a large-dose intake of green tea would elevate the risk of hHcy in hypertensive patients.
Nevertheless, several limitations are inevitable in this study. First, our cross-sectional study may lead to recall bias, due to its retrospective design. Second, although Hosmer and Lemeshow tests showed that the regression formulas were well fitted, the sample size is relatively small, thereby reducing the testing effectiveness of statistical model. Considering the statistical power, we did not carry out a gender-based stratified analysis of the association between tea consumption and hHcy. However, the sensitivity analysis showed that the range of the OR CIs from male and female had reasonably consistent ( Supplementary Figures 1 and 2) . Thus, the results from combined analyses might be acceptable. Third, tea intake was based on self-reported data, and thus their exact amounts were difficult to be determined. Finally, the multiple subgroup analyses could have elevated the Type 1 error and the results should be viewed cautiously.
In conclusion, our results indicated that tea drinking was an independent risk factor for hHcy, and selecting green tea or limiting tea consumption might reduce risk of hHcy in Chinese hypertensive patients. However, these results need further confirmation from prospective studies. 
